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Abstract 
 
PROBLEM STATEMENT 
Current decisions on large-scale design and operation of water treatment technologies come with a large 
financial risk. To date, engineering teams typically use their expertise and simple steady state tools as 
a basis for new project developments. However, they often lack the tools to model possible alternative 
treatment configurations, dynamic conditions and the uncertainties involved (Gambier et al., 2007). The 
flexibility of coupling different unit processes (UP) to model alternative treatment configurations is 
often not provided by technology manufacturers. Moreover, current implementations are mostly 
considering steady state. In reality however, changing input values, such as customer consumption 
patterns or fluctuating feed water quality, have an influence on the process efficiency. The uncertainty 
of the parameters affects the model results and consequently the decision. 
On the other hand, a lot of experimental data is continuously collected in plants in operation but 
currently underused and, in addition, often stored in an unorganized manner. This is a lost opportunity 
for improving process knowledge and exploiting this for process optimization and better system design. 
The development of a decision support system (DSS) to overcome these issues would have a clear added 
value, both on the short term (e.g. more reliable decisions and better insight in processes) as well as the 
longer term (e.g. UP models can be refined). 
PROJECT STAGES  
First, dynamic models for several UP of water treatment techniques will be developed and implemented. 
To find the best fit of the model to experimental data sets, a calibration needs to be performed. This 
includes finding a unique optimal set of model parameter values according to good modelling practice.  
To be able to simulate different treatment configurations the UP will be coupled in a process train, 
which means the output of one UP will directly serve as input to the next UP.  
Next, an uncertainty analysis is performed to create uncertainty bands around model predictions. The 
purpose of an uncertainty analysis (UA) is to quantify the uncertainty of the model output that is a result 
of uncertainties in the modelling process. The result is a confidence interval on the model output instead 
of just a single number. This is more realistic and helpful when taking a decision.  
In a later stage, the DSS will be extended by adding other UP and design and operation cost models. 
 
FIRST UP: REVERSE OSMOSIS 
The first UP that is considered is reverse osmosis (RO), a pressure driven membrane process. A steady 
state model was built in MATLAB based on the solution-diffusion model that describes membrane 
transport in RO (Verliefde et al., 2013). To account for several RO-modules, a spatial dependence was 
implemented in the model. Next, time dependence (dynamic model) and adverse effects, like 
concentration polarization and membrane fouling, will be added. Experimental data will be collected to 
thoroughly calibrate and validate the model. 
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